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Technical Memorandum No. 8

To: Cyrus J. Creveling

NASA Goddard Space Flight Center
Anacostia Naval Station

Washington 25p D. Co

S_bJecto. Synchronizatlon of Decision Feedback Satellite Telemetry Systems

morandu_ is an adjunct to Memorandum NO. 6 which discusses the

advantages of fbedback teXemetry systems over unidirectional telemetry systems.

The type of feedback system considere_ here is one where the receiving site commands

the bird to repeat those portions of the transmission which are deeply e_edded

in the myst_ noise. Various ways of synchronizing the feedback and direct channels

are considered so that the proper portion of the message is repeated and the

receiver can identify the repeated material,

Discussion

A satellite decision feedback system is one where the ground site decides

on the acceptability of the received telemetry signal and then com_ands_ via a
f.

gr_und_to_vehicle link, the vehicle to continue sending new data or to repe_t the

data in whole or in part° There are tvo ways the ground site can decide on the

acceptability of the received signal. The first consists in usix_ error detecting
C

J

codes. The second consists of monitoring the signal itself, for exawple by Jw@i-

tori_ signal_to®noise ratio°

The simplest decision feedback system is a discarding system. In this

case the information contained in the received ambiguous portions of the tra_s-

zission are discarded and a fresh decision is _de on each repeat.

Consider a verY simple PCM feedback telemetry system for a near range

satellite° Xn this simple system each digit is sent by phase modulating a carrier.



Hovever, to avoid having to synchronize the decoding of the digits, • digit is seat

by sending a burst of an in-phase or out-of-phase carrier_ the burst beiM pre-

ceeded and followed by • no-transnission period. Suppose, for exalple, the digit

duration is one aillisecond and the space intervals a_e also one millisecond. For

an accuracy of one percent, here seven digit vords are required, the data rate

is one sample per fourteen ailltseconds.

Consider now the satellite being onl_ 100 miles _ove th6 gr_and site.

Y_a this case the proi_gation time between the bird and the ground is about • half

• illisecond. This _eans that there is sufficient time for the ground site to

receive • digit, decide if it is acceptable , and transnit this decision back _

the bird before the bird J_nds the next digit. Zu this case the decision ee_i_e-

_e _ • _Ligit-by'digit basis (each digit accepted or rejected depending upon

'whether or not it falls within the null zone) and the repeated digit will tumediately

follow the request.

The &bore systen operates Well _ec&ume th_ prol_g_tion t_ is _eils t_an

the d_zstion of the digitS. Touse such & systea at distances of I,OO0 ailes

_d require that the digits be 5 _lllaec_ude long and the d_ta r_te be _ly

e_e t_ple per"_O millisecond. This is kulte • lov data rate. _ere are tw

t2_ernatives o

I. The first alternative is _ased on the observation tkst the 4at& rste

is very low sad hence the bmdwidth is low. Zn this case frequency aul_iplexia_

as well as time z_!tiplexiag can be used. Th_s several telemetry signals can be
\

se'a_ on, seversl _ii_erent frequency channels.

_ Consider • s•tellite 1000 _iles above the ground site. The tele_etx7

systa consists Of tea frequeZey m_Itiplexed 9hsanels, each chsanei bei_ slailsr

_q the prewlo,,jl_7 delcrlbea oae_ except the dlSit duration is tea time U !o_

sad the power d_r_h_ trsamission of • burst is tea tines U mack. _ke factor tea
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is arrived at here by multiplying by (i0) to account for the ten-fold increase

in range and then dividing by i0 to account for the ten-fold increase in pulse

duration. The received energy per digit thus remains the _same and hence the

reliability is the S_ee Moreov_r_ the ten-fold increase in digit durLtion is

compensated by having ten channels for the same overall bandwidth. Thus the data

rate is the same. The advantage of this system is that, as in _mple l, decision

feedback can be applied on a digit-by.digit basis.

2. The second alternative is based on using decision feed_ahk over

several digits.

_e: Suppose to the seven digits of each word a parity check is added.

This e_tra digit permits single error detecting. If each digit has a one milli-

second _ delay, plus an additional millisecond inter-diKit interval, then each word

takes 16 milliseconds. This allows up to 8 aillisec_ds for ome-_ bla7 for tke

feedback signal, when allowances are made for processing time and the like, a

realistic zaxi_ ra_e is 20,000 miles°

In operatiela the ground site sends a r_eat, if z_quired, as Soop as

possible° When the satellite receives the repeat it will be at that instant in

the middle ofa vord0 The next word transmitted should be a repeat of the pre-

vlous wordo Note that a buffer storage will be required if the original Signal

or the tape cannot be interrupted to send the repeat.

_u_pose the time delay of the transmitted _ignal exceeds a word, and the

range is unknown° Then the receiver cannot tell which word is to be repeateA

unless repack synchronization pulses are used. Rather than introduce additte_l

rynchronization pulses the frame marker pulses can be used. In this case _ama a

repeat is requested the order of word in the frame is indicated as well.

_: Consider 8 digit words (seven digits plus parity check) being sent using

a one millisecond digit duration followed by a one millisecond inter-digit duratfon.

- _ -



If a frame consists of twenty words each frame is about 320 nilliseconds long.

Th_8 time delays up to sol.hat less than 160 milliseconds can be tolerated, or

the rsnge can be as great as 800,000 miles.

For still greater r_es the frame synchronizing pulses can be coded to

indicate the order of the frame°

If alternate frame sync pulses are distinguishable_ ranges up to 1.6
/

negamiles can be handled° If there are four distinct frame sync pulses, ranges

up to 302 _amiles can be handled and so on,

If desired the particular word in erro_ within the fruae can be repe_ted.
t

A better method_ which avoids upsetting the syn_ronizatio_ of the _stenp i8 to

repeat the _hole fraaeo This will not greatly lower the information rate, as Right

be expected, because Vhen a drop®out occurs large portions of a fr_e will be ob-

literated° In this cas_ the decision to repeat a frame e_nLld be based on several

words witkin the fi_ne being incorrect, or overall frame parity check diKits_ or

monitoring the siVA®to=noise ratio°

The above e_pleS represent feedback synchronl_atibn system _ich are

u_eful both for Satel_ites _nd for spac_ probes. FOra satellite which is in

orbit_ one can b_e th_ feedback synchrohiz&tion on the minimum knd maxiIwa trsne-

nission tiaem o

Consider the c_se of a s_tellite in a circular orbit° During an orbital

p_ss, the range from the satellite to the ground site varies thereby causing a

variable delay time0 The minimum delay occurs when the satellite is at the zenith

and the corresponding delay is determined by its altitude° This _inimm delay i_o_es

no restrictions on the minimum pulse length° For exa_le, if the _ini_a delay

is • dAKit durations, the system can be designed such tkat a request for a repeat

refers to two digits back° However_ as the range increases such that the delay

approaches 3 digit d_rations_ the system will fail to repeat _he proper digit.



Hence the maximum change of delay is of interest.

The maximum delay exists when the satellite first appears over the

horison, It is readily shown that

(R + h) 2 = L2 + R2 (i)

_e_

R = radius of the earth

h =s&tellite altitude

L = zaximuu range from ground sireto
satellite°

The _ cha_e of range A L is simply L-ho Dividi_ AL by the speed of

light and substitutinK the al_ropriate values yields

h 79_ 7)i/z_- - _ma -- [(i + . i] (2)
c _,, 186 h '

vhere AT d is the maximum change of delay time in milliseconds for a given satellite
.,2

altitude h in mixes, Equation 2 is plotted in FiE. io Since the maximum _hange

Of del_ is bounded, it is feasible to commmicate _r1%h orbiti_ satellites at

e_ti_de with decision feedback.

What these exauples indicate is that there are many va_ys to solve the

feedback sTnchronization problems. The best one to ue depends on the ruge_

the _rate_ _d'the si4p_-to-noise mtio of the rystem.
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